A field experiment was conducted to find out the effect of different doses of ipil-ipil (Leucaena leucocephala) (Lam.) de Wit. tree green leaf biomass on rice yield and soil chemical properties. Four different treatments such as T0: Recommended fertilizer dose (Urea 195 kg/ha, TSP 50 kg/ha, MOP 142 kg/ha, Gypsum 75 kg/ha and Zinc Sulphate 4 kg/ha), T1: 5 t/ha, T2: 7.5 t/ha, and T3: 10 t/ha ipil-ipil tree green leaf was used in this study in a Randomized complete block design with three replications. The results showed that the treatment T3 was performed better than recommended fertilizer dose in case all yield contributing characters of rice except grain yield. The highest (5.29 t/ha) rice grain yield was obtained in recommended fertilizer dose followed by 10 t/ha, 7.5 t/ha and 5 t/ha ipil-ipil tree green leaf biomass amendment having 4.80, 3.16 and 2.36 t/ha respectively. The highest grain yield that was obtained from recommended fertilizer dose was 10.21% higher compared to the highest dose (10 t/ha) of ipil-ipil tree green leaf biomass. It was mentioned that among the different doses of ipil-ipil tree green leaf biomass 10 t/ha performed the best over others. The ipil-ipil tree green leaf biomass was also significantly influenced on some essential nutrient status which is very important for rice production. The highest amount of total N, available P, exchangeable K and available S were found in the treatment T3 and the lowest in the treatment T1. Therefore, it can be concluded that the ipil-ipil tree leaf has beneficial effects and could be combined with inorganic fertilizer for sustainable crop yield and maintaining soil fertility. 
INTRODUCTION
Agriculture is the most important sector of the economy of Bangladesh. Rice (Oryza sativa L.) is the leading cereal crop in the world and staple food crop in Bangladesh. Agriculture in Bangladesh is dominated by intensive rice cultivation. Generally, crop production is a combined impact of soil factors, management and environmental factors. But soil varies considerably in their inherent capacity to supply nutrients, which are gradually declining over time due to intensive cropping with high yielding rice varieties. Nitrogen, phosphorus and potassium are the primary macronutrients and can play a key role to increase the production of rice to a great extent. For crop production, presence of organic matter in soil is important. Plant residues in any agricultural system are an important source of carbon and nutrient for the growth of crops. Organic resources play an essential role in soil fertility management in the tropics by their short-term effects on nutrient supply and longer-term contribution to soil organic matter formation (Palm et al., 2001 ). A good soil should have organic matter content of more than 3.5%. But in Bangladesh, most of the soils have less than 1.7% and some soils have even less than 1% organic matter (Sattar, 2002) . In Bangladesh about 60% of arable soils have below 1.5% organic matter whereas a productive mineral soil should have at least 2.5% organic matter (Rijpma and Jahiruddin, 2004 ) and the decreasing trend of soil organic matter is continuing. Organic matter depletion is observed in 7.5 million ha of land and declining soil fertility affects 5.6-8.7 million hectares of land (BARC, 2000) . However, the traditional approach to soil fertility restoration through spontaneous regeneration of vegetation is coming under pressure due to the expansion of cropland. Soil fertility can be improved by employing agroforestry principles of incorporating organic inputs into the soil.
Agroforestry practices, especially evergreen agriculture and conservation agriculture with trees have emerged as sustainable measures of addressing land degradation and loss of soil fertility (Mwase et al., 2015) . In increasing crop productivity for a sustainable crop production, soil quality has to be restored through a sustainable and intensified form of soil fertility amendments such as biomass transfer technology. In the biomass transfer technology, green manure is mulched or incorporated into agricultural soils. The advantage of this technology is that it allows for continuous cultivation as the incorporated green manure provides sustained soil nutrient replenishment (Place et al., 2003) . Typically, Tithonia diversifolia, Leucaena leucocephala, Senna spectabilis, Gliricidia sepium, and Tephrosia vogelii are the most prominent tree species used in biomass transfer systems (Place et al., 2003) . Green leaf biomass of leguminous tree such as Ipil-Ipil (Leucaena leucocephala) can help to restore soil fertility. Ipil-ipil tree leaf contains nitrogen 20.9 kg to 43.0 kg, magnesium 3.9 kg to 10 kg, calcium 7.5 kg to 20.3 kg, phosphorus 1.5 kg to 4.0 kg and potassium 13.4 kg to 40.0 kg in per ton of dry leaves (Gordon and Wheeler, 1983) . Ipil-ipil tree green leaf biomass can add these nutrients to the soil after decomposition process.
In Bangladesh the total dependence on inorganic fertilizers for crop cultivation is a common phenomenon. That is why the fertility of soils is declining day by day creating a major problem for agriculture. But there are little efforts to solve the problem. Therefore, it is necessary to examine the effect of different sources of organic fertilizers like tree leaf biomasses over inorganic fertilizers on crop yield for sustainable crop production and soil conservation. Several studies have been investigated on various aspects of tree leaf biomasses and their effects on crop yield and subsequent soil health throughout the world and in Indian sub-continent by many more researchers. Some studies on various tree leaf biomasses and their effects on crop growth and soil properties Hasan (2014) in Bangladesh. However, the effects of ipil-ipil tree leaf biomass on rice yield and soil health is still in small pockets. Therefore, it thought necessary to determine the effect of ipil-ipil tree green leaf biomass on rice yield and soil chemical properties. Keeping in view of the above aspects the study was undertaken to examine the effect of different doses of ipil-ipil tree green leaf biomass added to the soil at pre-cultivation stage on the yield and yield contributing characters of transplant aman rice, and also on soil chemical properties.
MATERIALS AND METHODS
The experiment was carried out at the Agroforestry Farm, Department of Agroforestry, Bangladesh Agricultural University, Mymensingh during aman season from August-December 2014. The experimental area experiences a sub-tropical climate and belonged to Old Brahmaputra Floodplain (Agro-Ecological Zone No. 9) (UNDP and FAO, 1988). It is characterized by non-calcareous dark grey flood plain soil having pH value from 6.98 to 7.14 and the soil texture is silty loam. The relief of land is flat and above flood level and sufficient sunshine is available throughout the experiment period. The transplant aman rice cv. BRRI dhan49 a modern variety of rice was used as a test crop in this experiment. It is photosensitive and resistant to blast disease. The life cycle of this variety ranges from 100 to 135 days (BRRI, 2010). The seedlings were collected from Bangladesh Agricultural University Central Farm, Bangladesh Agricultural University, Mymensingh. It is usually produces a grain yield of 5-5.5 tha -1 under proper management (DAE, 2013). The experiment was conducted in a Randomized complete block design (RCBD) with three replications. There were four different treatments viz. T0: Recommended fertilizer dose, T1: 5 t/ha ipil-ipil tree green leaf biomass (500 g/plot), T2: 7.5 t/ha ipil-ipil tree green leaf biomass (750 g/plot) and T3: 10 t/ha ipil-ipil tree green leaf biomass (1000 g/plot). The treatments were randomly distributed to the unit plots in each block. The total number of plots was 12.
The unit plot size was 1 m × 1 m. The spacing between blocks was 100 cm and the plots were separated from each other by 40 cm. The selected ipil-ipil (Leucaena leucocephala) tree green leaf biomass was collected from Bangladesh Agricultural University campus, Mymensingh and tree leaf biomass was chopped by hand and incorporated to the experimental plots soil after 15 days of transplanting of rice seedlings. Thirty three days old seedlings were transplanted with 25 × 15 cm spacing. Two or three healthy seedlings per hill were transplanted in all the plots. After transplanting, necessary intercultural operations were done as required. The rice plants were harvested on 9 December, 2014 at its full maturity when 90% of the grains became golden yellow in colour.
The data collection for studied plant parameters, five hills were randomly selected and carefully uprooted from each unit plot to record yield and yield contributing characters like plant height, total tillers/hill, effective tillers/hill, non-effective tillers/hill, panicle length, number of grains/panicle, 1000-grain weight, grain and straw yield, biological yield and harvest index (%). After plant sampling, the whole plots were harvested and necessary information recorded accordingly. Grain and straw yields were recorded plot wise and expressed as tha -1 . For studied soil chemical properties, an initial soil sample was collected before ipil-ipil tree green leaf biomass incorporation. Another soil samples were collected from the experimental plots at 30 days after incorporation of ipil-ipil leaf biomass or 15 days after transplanting of rice and after harvesting of rice. The soil samples were analyzed to determine the soil chemical properties like organic matter, total N, available P, exchangeable K and available S before and after incorporation of ipil-ipil tree green leaf biomass in experimental plots. Organic matter content of soil samples were estimated following the method developed by Walkey and Black (1934). The total N, available P, exchangeable K and available S were determined by following semi-micro Kjeldhal method, modified Olsen method, ammonium acetate (NH4OAc) extraction method and turbidimetric method, respectively described by Page et al. (1989) . The collected data both plant and soils were tabulated and analyzed through a standard computer package statistical procedure WASP. The means were ranked by Duncan's New Multiple Range Test (DMRT) (Gomez and Gomez, 1984) .
RESULTS
Effect of different doses of ipil-ipil tree green leaf biomass on yield and yield contributing characters of rice cv. BRRI dhan49
Plant height
The tallest (117.79 cm) plant height was produced from the treatment T3 which was 10 t/ha ipil-ipil tree green leaf biomass and the lowest (104.48 cm) plant height was observed in the treatment of 5 t/ha ipil-ipil tree green leaf biomass. The recommended fertilizer dose produced 114.78 cm plant height which was second highest ( Application of different doses of ipil-ipil leaf biomass had significant effect on the production of number of total tillers hill -1 . The highest number (13.07) of total tillers per hill was produced in the treatment T3 and the lowest (9.20) was produced by the treatment T1. The recommended fertilizer dose produced second highest (12.27) total tillers hill -1 which was statistically similar to the treatment T3. From the results it is appeared that the increasing dose of ipil-ipil tree green leaf biomass produced highest number of total tillers per hill compared to the recommended fertilizer dose (Table 1) .
Effective tillers hill -1
The number of effective tillers per hill increased consistently and significantly with the incorporation of different doses of ipil-ipil leaf biomass. Among the different treatments of ipil-ipil leaf biomass the treatment of 10 t/ha ipil-ipil tree green leaf biomass gave the highest (12.27) number of effective tillers per hill which was statistically similar to the treatment of recommended fertilizer dose. On the other hand, the lowest (8.73) number of effective tillers per hill was produced from the treatment of 5 t/ha ipil-ipil tree green leaf biomass (Table 1) .
Non-effective tillers hill -1
The different doses of ipil-ipil tree green leaf biomass were not significantly affected on the production of noneffective tillers per hill. The highest (0.67) number of non-effective tillers per hill was observed from the treatment T3 and the lowest (0.27) number of non-effective tillers per hill was observed from the treatment T2 (Table 1) .
Panicle length
Different doses of ipil-ipil tree green leaf biomass had significant effect on panicle length. However, the longest (28.95 cm) panicle was obtained from the treatment T3 which was 10 t/ha ipil-ipil tree green leaf biomass and the shortest (26.15 cm) panicle length was obtained in the treatment T1 which was 5 t/ha ipil-ipil tree green leaf biomass. The result revealed that the increasing dose of ipil-ipil tree green leaf biomass was gradually increased the highest panicle length ( Table 1) .
Number of grains panicle -1
The number of grains panicle -1 of rice cv. BRRI dhan49 was significantly affected by the different treatments of ipil-ipil tree green leaf biomass. The number of grains panicle -1 ranged from 109.31 to 77.05 where the highest (109.31) number was obtained from the treatment of recommended fertilizer dose which was statistically similar with the treatment T3. On the other side, the treatment T1 was produced the lowest (77.05) grains per panicle which was statistically similar to the treatment T2 (Table 1) .
1000-grain weight
The results revealed that there was a significant relationship between the 1000-grain weight and different treatments of ipil-ipil leaf biomass. The highest (15.23 g) 1000-grain weight was obtained from the treatment of recommended fertilizer dose. Among the different treatments of ipil-ipil tree green leaf biomass the highest (13.38 g) 1000-grain weight obtained from the treatment of 10 t/ha and the lowest (12.84 g) was in the treatment of 5 t/ha ipil-ipil tree green leaf biomass (Table 1) .
Grain yield
The effect of different doses of ipil-ipil tree green leaf biomass on transplant aman rice cv. BRRI dhan49 revealed a significant variation among the various treatments. The result showed that the highest (5.29 t/ha) grain yield was obtained from the recommended fertilizer dose treatment. Among the different doses of ipil-ipil tree green leaf biomass it was observed that the highest dose (10 t/ha) performed the better (4.80 t/ha) grain yield. Other treatments such as 7.5 t/ha and 5 t/ha of ipil-ipil tree green leaf biomass were produced 3.16 t/ha and 2.36 t/ha grain yield, respectively ( (Table 1) .
Biological yield
The ANOVA results revealed that the biological yield of rice was significantly (p ≤ 0.05) influenced by the incorporation of various amount of ipil-ipil tree leaf biomass ( Table 1 ). The highest (10.39 t/ha) biological yield was found from the treatment 10 t/ha ipil-ipil tree green leaf biomass while the lowest (4.57 t/ha) was found in the treatment 5 t/ha ipil-ipil tree green leaf biomass (Table 1) .
Harvest index
Harvest index was significantly influenced by different doses of ipil-ipil tree green leaf biomass ( Table 1 ). The result showed that the highest (51.80%) harvest index was obtained from the treatment 7.5 t/ha ipil-ipil tree green leaf biomass while the lowest was found in the treatment T1 which was statistically similar to the treatment T3 (Table 1 ). The results of the ANOVA revealed that there was significant difference (p ≤ 0.01) in the harvest index of rice across the different doses of ipil-ipil tree green leaf biomasses ( Table 1) .
Effect of ipil-ipil tree green leaf biomass on some important essential nutrients at 30 days after incorporation and post harvest soils
Total N Ipil-ipil tree green leaf biomass released an influential amount of nitrogen in soil at 30 days after incorporation ( Table 2 ). The result revealed that the release of total N from ipil-ipil leaf biomass at 30 days after incorporation varied from 0.191% to 0.163% due to the different treatments. The treatment T3 which was 10 t/ha ipil-ipil tree green leaf biomass released highest (0.191%) amount of nitrogen in the rice field soils while the lowest (0.163%) amount of nitrogen released from recommended fertilizer dose. In the initial soil sample it was found that total nitrogen content is 0.140% (Table 2) . On the other hand, the incorporation of ipil-ipil tree green leaf biomass in the rice field also significantly influenced on total N content in the post harvest soils (Table 2 ). After harvesting of rice, total N content varied from 0.178% to 0.153% in post harvest soils. The highest total N content was 0.178% found in the treatment T3 which was statistically similar to the treatment T2 and T1. The lowest total N content was 0.153% found in recommended fertilizer dose (Table 2) .
Available P
The incorporation of different doses of ipil-ipil tree green leaf biomass in the experimental field was significantly influenced on the release of available P (Table 2 ). After 30 days of incorporation of ipil-ipil tree green leaf biomass, the treatment T3 which was 10 t/ha ipil-ipil tree green leaf biomass released the highest (30.71 ppm) amount of available P and the lowest (19.13 ppm) amount of available P released from the treatment T1 which was 5 t/ha ipil-ipil tree green leaf biomass. In the initial soil sample the amount of available P was 26.18 ppm. The recommended fertilizer dose released 30.18 ppm of available P in the experimental soils ( Table 2 ).The available P was also significantly influenced due to the different treatments of ipil-ipil tree green leaf biomass in post harvest soils ( Table 2 ). The highest amount of available P was 29.14 ppm found in the recommended fertilizer dose treatment. Among the different doses of ipil-ipil tree leaf biomass, the amount of available phosphorus was gradually increased with the increase of doses. According to the result it was found that post harvest soils contained 28.86 ppm, 20.92 ppm and 17.44 ppm available P from the treatment of 10 t/ha, 7.5 t/ha and 5 t/ha ipil-ipil tree green leaf biomass, respectively (Table 2) .
Exchangeable K
Exchangeable K content in soil was greatly influenced with the application of ipil-ipil tree green leaf biomass at different growth stages of rice (Table 2 ). After 30 days of incorporation of ipil-ipil tree green leaf biomass, the treatment T3 released the highest (83.52 ppm) amount of exchangeable K and the lowest (69.24 ppm) in the treatment T1. The amount of exchangeable K in the initial soil sample was 77.40 ppm ( Table 2) . Exchangeable K content was also significantly influenced by the different treatments of ipil-ipil tree green leaf Table 2 ). The highest (77.42 ppm) amount of available P of post harvest soils found in treatment T3 and the lowest in the treatment T1 which was 67.56 ppm. The second highest and third highest content of exchangeable K of post harvest soils was recorded in the treatment T3 and recommended fertilizer dose which were 75.36 ppm and 73.32 ppm, respectively (Table 2) .
Available Sulphur (S)
Before the application of ipil-ipil tree green leaf biomass in the experimental plots the amount of available S was 8.92 ppm in the initial soil sample (Table 2 ). After 30 days of incorporation of ipil-ipil tree green leaf biomass a significant increased in the amount of S was observed after soil analysis. The highest amount of available S was 26.05 ppm found in the treatment T3 and the lowest amount of available S released from the treatment T1 which was 8.92 ppm ( Table 2 ). In post harvest soils, the amount of S significantly increased with the increase of doses of ipil-ipil tree green leaf biomass. The amount of available S in post harvest soils was 7.83 ppm, 7.50 ppm, 5.35 ppm and 6.43 ppm from the treatment of 10 t/ha, 7.5 t/ha, 5 t/ha ipil-ipil tree green leaf biomass and recommended fertilizer dose, respectively ( Table 2) . 
DISCUSSION
The present study showed that the different doses of ipil-ipil tree green leaf biomass were positively influenced on yield and yield contributing characters of rice cv. BRRI dhan49. From the results, it was found that the treatments had significant influence on plant height, total tillers hill -1 , effective tillers hill -1 , panicle length, grains panicle -1 , 1000-grain weight, grain yield, straw yield, biological yield and harvest index. However, the treatments had no significant effect on non-effective tillers hill -1 . The highest (5.29 t/ha) grain yield was obtained from recommended fertilizer dose treatment and the lowest (2.36 t/ha) grain yield was recorded in the treatment T1. Among the different doses of ipil-ipil tree green leaf biomass, the treatment T3 produced the highest and overall second highest (4.80 t/ha) grain yield. The above results were supported by previous findings of Apostol (1989) , Zoysa et al. (1990) , Akter et al. (1993) and Nahar et al. (1996) . Apostol (1989) stated that organic and inorganic fertilizer produced higher length of panicle, productive tillers per hill and grain index of rice. Zoysa et al. (1990) reported that incorporation of Leucaena green manure increase N uptake throughout the vegetative period and increased grain yield of rice significantly. Nahar et al. (1996) cited that green manure with Leucaena leucocephala produced highest grain yield which was 4.36 t/ha whereas fertilized (100 kg N/ha) plots produced 4.12 t/ha grain yield of rice. Akter et al. (1993) cited that application of green manure plus chemical fertilizer produced significantly higher yield parameters of rice. Hossain et al. (2007) reported that tree litter application had a significant positive effect on the yield parameters of rice such as plant height, panicle length, tillers per hill, filled grain, 1000-grain weight, and the addition of tree litter to inorganic fertilizer produced significantly higher yield than inorganic fertilizers solely which was fully supported the results of this experiment.
Here, the results also showed that the nutrient status of soils such as organic matter, total N, available P, exchangeable K and available Sulphur were positively affected by incorporation of ipil-ipil tree green leaf biomass. The amount of organic matter, total N, available P, exchangeable K and available Sulphur was higher in the ipil-ipil tree green leaf biomass treatments than recommended fertilizer dose treatment. Among the different doses of ipil-ipil leaf biomass the treatment of 10 t/ha ipil-ipil tree green leaf biomass showed better performance in releasing nutrients than others. The uptake of N, P, K and S was higher in the treatment of 10 t/ha ipil-ipil tree green leaf biomass over the treatments of 7.5 t/ha and 5 t/ha ipil-ipil tree green leaf biomasses. Guan (1989) found that the available N and P content in soil sample taken from plots with the application of organic materials were significantly higher than control which was strongly supportive to the present findings. These results also in agreement with that of Haque et al. (2001) reported that a positive improvement in soil fertility from the application of tree pruning's. This result is also similar to the Maharudrappa et al. (2000) where they reported that the application of tree litter enhanced nutrient availability in soils. These result also in agreement with that of Das and Chaturvedi (2003) who reported that the highest decomposition rate was observed in leaf litter Leucaena leucocephala followed by Sesbania grandiflora, Dalbergia sissoo and Eucalyptus tereticornis. The release of nutrients like N, P, K was higher in Leucaena leucocephala. The species having highest N percentage showed the fastest decomposition rate. Hossain et al. (2007) found the similar type of results in their study where they reported that Ipil-Ipil (Leucaena leucocephala) and Mander (Erythrina orientalis) was the best in building organic matter and total N content over the control plots which treated by recommended fertilizer doses. Mojumder et al. (2008) reported that the addition of leaf biomass slightly increase the amount of total N, available P, exchangeable K and S in soil over recommended fertilizer dose which also supports the results of this experiment.
CONCLUSION
From the experiment it was revealed that the recommended fertilizer dose gave only the highest grain yield of rice over ipil-ipil tree green leaf biomass treatments but soil nutrient contents, growth parameters values were lowest in this treatment. Among the different doses of ipil-ipil tree green leaf biomasses, it was found that the increased dose of ipil-ipil leaf biomass were positively increased the studied parameters of rice. However, it seems that the ipil-ipil tree green leaf biomass i.e. higher dose 10 t/ha has significant impacts on rice production and would be possible to substitute of or apply in combination with inorganic fertilizer although
